Role of anionic phospholipids in the interaction of doxorubicin and plasma membrane vesicles: drug binding and structural consequences in bacterial systems.
Anthracycline-membrane interactions play a role in the transport, the cytoplasmic distribution, and possibly also the activity of anthracyclines. Previous work on model membranes has shown that the widely-applied anticancer drug doxorubicin interacts specifically with anionic phospholipids [de Wolf, F. A., et al. (1991) Biochim. Biophys. Acta 106, 67-80]. We have now been able to investigate these interactions, and their selectivity for anionic phospholipids, directly in plasma membranes. Because of the recent availability of Escherichia coli mutants in which the anionic phospholipid content ranges from only 10% to as much as 100% of the total phospholipid content, we used this bacterium as a source of plasma membranes. We compared the interactions of the cationic anthracycline doxorubicin with (1) plasma membranes of different mutant strains, (2) total lipid extracts of these membranes, and (3) synthetic phospholipid mixtures in which a comparable fraction of the phospholipids was negatively charged. The results show that anionic phospholipids are important determinants of doxorubicin binding, not only in model membranes but also in plasma membrane systems. Only in plasma membranes with a very low anionic lipid content was the binding to the anionic phospholipid masked by other factors. Using an unsaturated fatty acid auxotroph grown on [11,11-2H2]oleic acid, it appeared from 2H-NMR data that doxorubicin induces a disordering of acyl chains in bacterial plasma membranes and their total lipid extracts. This indicates that the binding is not purely electrostatic but involves the insertion of drug molecules into the lipid matrix, probably due to hydrophobic interactions.